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CONTINUOUS EFICIATION OF DOLOMITIC PHOSPHATE OR 

By B. E. Davis,l T. O. Llewellyn/ and C. W. Smith 3 

ABSTRACT 

Over 80 pct of domestic phosphate rock. which is the starting material 
for phosphorus-containing fertilizers. comes from central Florida depos­
its. As higher grade deposits are depleted, lower grade phosphate ores 

MgO in the form of dolomite are encountered. 
MgO ores with present beneficiation technology will not yield a concen­
trate meeting specifications for acidulation. The Bureau of Mines con­
ducted research on three high-MgO phosphate samples from south Florida. 
The contained, in percent, 5.4 to 10.2 P20S' 1.9 to 7.6 MgO, and 
35.3 to .1 acid insolubles. A technique of sizing, grinding, deslim-
ing, , and redesliming was used to a feed suitable for 
continuous flotation studies. A conventional acid-fuel oil rough-
er flotation followed by two to three cleaner stages resulted in concen­
trates containing, in percent, 30.7 to 31.3 P2 05' 0.6 to 1.3 MgO, and 
2.5 to 4.8 acid insolubles. The P20S recovery from the flotation feed 
ranged from 55.1 to 89.7 pct. 

1Minerals engineer. 
2supervisory metallurgist. 
3p hysical scientist. 
TUscaloosa Research Center, Bureau of Mines, University, AL. 
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INTRODUCTION 

A basic requirement for survival of all 
living creatures is food. The future of 
our country could rest upon the ability 
of our farmers to efficiently grow crops 
to feed our citizens. For maximum crop 
yield, farmland must be fertilized. 
Phosphate rock is the raw material from 
which phosphorus-containing fertilizers 
are produced. Phosphate rock is also 
smelted in electric furnaces where ele­
mental phosphorus is produced. Elemental 
phosphorus is reoxidized to produce high­
grade phosphoric acid or converted into 
anhydrous derivatives. The furnace-grade 
acid is used for food-grade dicalcium 
phosphate and sodium tripolyphosphate in 
detergents (1) .4 Of the 53.6 million 
metric tons of phosphate rock produced in 
the United States in 1981, 86.3 pct was 
produced in Florida and North Carolina 
(!). The importance of Florida phosphate 
is self-evident. 

Currently phosphate is mined from the 
Bone Valley Formation in central Florida. 
Overburden is stripped with a dragline 
until the phosphate ore, known as matrix, 
is reached. The matrix is mined with the 
dragline and dumped into a slurry pit. 
The matrix is slurried with high-pressure 
hydraulic jets and pumped via a pipeline 
to the beneficiation plant several miles 
away. At the beneficiation plant, the 
matrix is washed and sized at 14 mesh. 
The plus 14-mesh material, called pebble, 
is a salable product and needs no further 
beneficiation. The minus 14-mesh slurry 
is deslimed at 150 mesh in hydrocyclones, 
producing primary slimes. The 14- by 
ISO-mesh material is sized into two frac­
tions, generally 14 by 28 mesh and 28 by 
150 mesh, for anionic flotation of the 
phosphate. The two phosphate float prod­
ucts are combined and de-oiled to remove 
the fatty acid-fuel oil collector. The 
dereagentized material is then condi­
tioned with a cationic collector; the re­
maining silica is removed as the float 
product, and the phosphate concentrate is 

4Underlined numbers in parentheses re­
fer to items in the list of references at 
the end of this report. 

removed as the underflow. This process 
is known as the double-float method and 
was patented by Arthur Crago in 1940 (~). 

U.S. resources of phosphate rock, which 
amount to billions of tons, are ample to 
supply domestic needs for centuries (1, 
3). Mine and plant capacities are ade­
quate to meet present demand, and expan­
sion of the industry can be expected to 
meet future demand. However, as higher 
grades deposits are depleted and the 
phosphate mining industry moves into 
south Florida, it encounters lower grade 
ore bodies. The amount of coarse parti­
cles suitable for phosphate pebble is al­
so drastically reduced. The P205 content 
is lower, and the amount of MgO increases 
owing to the presence of carbonate min­
erals (4). At pl.'esent high-MgO ores are 
bypassed during mining operations because 
today's beneficiation technology will not 
yield a concentrate suitable for acidula­
tion. When phosphate concentrates are 
acidulated to produce phosphoric acid, 
s.u.p_e.rphosphate ~ ..and.. triple superphos­
phate, the carbonate minerals consume 
sulfuric acid, resulting in a lower P20 5 
production rate with a higher consumption 
of sulfuric acid and defoamer (2-6). 
High amounts of MgO make gypsum filtra­
tion difficult. An insoluble magnesium 
salt precipitates in the phosphoric acid; 
it settles during shipment and storage, 
creating handling problems. Its presence 
also lowers the P2 0 5 content of the fin­
ished fertilizer products. The phosphate 
industry has not set definite maximum 
MgO limits. However, it is generally 
accepted that most acidulation plants can 
haI1dle up to 1. 0 pct MgO. 

The main mineral constituents in these 
ores are quartz, collophane, and dolo­
mite. The two latter minerals respond 
similarly to known flotation processes so 
that separation is difficult. Several 
processes have been described in the lit­
erature for separation of phosphate and 
dolomite. One such process involved re­
agentizing a concentrate from the double­
float method with hydrofluoric acid 
and an amine collector at pH 5.4. The 



reagentized concentrate was subjected 
to rougher, cleaner, recleaner, and 
recleaner phosphate flotations (7). 
Another process described in the litera­
ture consisted of reagentizing a concen­
trate from the double-float method with a 
carbonate collector, a phosphate depres­
sant, and a pH regulator. The dolomite 
was removed as the overflow product, and 
the phosphate concentrate was the under­
flow (~). 

Laboratory beneficiation studies have 
been completed and reported for two south 
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Florida high-MgO ores (9). The Bureau of 
Mines devised a technique of sizing, 
grinding, desliming, scrubbing, redeslim­
ing, and flotation to treat high-MgO 
ores. The flotation involved using a 
conventional fatty acid-fuel oil phos­
phate rougher flotation and two or three 
cleaner flotations to produce a concen­
trate. To determine the feasibility of 
this process, the Bureau has conducted 
continuous beneficiation studies on three 
south Florida high-MgO phosphate ores. 
This report summarizes the results of 
these studies. 
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SAMPLE DESCRIPTION 

Three samples of high-MgO phosphate 
matrix from south Florida were provided 
by three different companies that have 
land leases in high-MgO a r eas. The ma­
trix was shipped to the Bureau's Tusca­
loosa Research Center in open dump 
trucks and contained about 15 pct mois­
ture, which is about that of the original 
bed. Approximately 10 to 16 tons of 
sample were provided by each company. 
The matrix was protected and kept moist 
for processing. Representative samples 
were taken from each matrix for analy­
sis and laboratory studies. The matrix 
samples were mostly fine to medium-sized 
sand but contained some large rocks and 
aggregates up to 1 ft in diameter. Sam­
ples of the large rocks were analyzed 
and found to be mostly dolomite. Chem­
ical analysis of the matrix samples 
showed that they contained, in percent, 
5.4 to 10.2 P205, 1.9 to 7.6 MgO, and 
35.3 to 60.1 insolubles. Table 1 gives 
the complete chemical analysis of the 
samples. 

TABLE 1. - Chemical analysis of phosphate 
samples, percent 

Salllple 1 Sample 2 Sample 3 
P2 0 5 , •••.•• 10.2 5.4 6.6 
CaO •••••••• 15.5 15.4 24.4 
MgO •••••••• 1.9 3.5 7.6 
C02 •••••••• 4.8 11.6 18.6 
Insol •••••• 58.2 60.1 35.3 
Al 203 •••••• .8 1.7 2.6 
Fe203······ 1.1 1.9 1.8 

Samples of the matrix were crushed to 
pass 3 mesh, and size analysis was per­
formed. All three samples were similar 
in that most of the dolomite reported to 
the coarse and fine fractions, as can be 
seen by the MgO analysis and distribution 
given in tables 2-4. By desliming at 150 
mesh, 40.2 pct of the MgO in sample 1, 
40.4 pct of the MgO in sample 2, and 65.6 
pct of the MgO in sample 3 can be re­
moved. The accompanying loss of P 20 5 
would be 7.0 pct, 10.0 pct, and 8.2 pct, 
respectively. 
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TABLE 2. - Particle size and chemical analysis of sample 1, percent 

Size fraction, mesh I Wt pct I P2 0 5 I CaO MgO 
ANALYSIS 

Plus 14 ..................... 6.1 26.3 40.7 2.4 8.9 6.3 0.7 3.4 
Minus 14 plus 20 •........... 1.6 25.3 37.5 1.3 7.4 10.3 .6 3.0 
Minus 20 plus 28 ............ 2.7 22.7 33.1 .8 5.6 24.4 .6 2.4 
Minus 28 plus 35 •••••••••••• 7.1 17.0 24.5 .4 3.7 44.7 .4 1.7 
Minus 35 plus 48 ...........• 16.9 7,5 10.4 .3 2.0 68.1 .3 1.0 
Minus 48 plus 65 ............ 21.9 ~.9 10 " 1 .2 1.7 76.9 .3 .5 
Minus 65 plus 100 ..••••••••• 14.0 8.9 13.8 .2 1.7 70.2 .4 .4 
Minus 100 plus 150 •...•.•••• 10.9 13.2 18.1 .2 2.4 44.3 .5 .4 
Minus 150 plus 400 .......... 3.6 6.8 9.8 .4 1.9 78.3 .3 .4 
Minus 400 ................... 15.2 3.3 5.3 l.t~ 2.2 72 .6 3.4 1.1 

Composite •••••••••••••• 100.0 10.7 14.8 .9 2.7 61.2 .9 1.0 
DISTRIBUTION 

Plus 14 ••••••••••••••••••••• 6.1 15.0 16.7 25.6 20.2 0.6 4.9 21.2 
Minus 14 plus 20 ............ 1.6 3.8 4.1 3.7 4.4 .3 1.2 4.9 
Minus 20 plus 28 ............ 2.7 5.7 6.1 3.7 5.6 1.1 1.9 6.5 
Minus 28 plus 35 •••••••••••• 7.1 11. 3 1l.8 4.6 9.8 5.2 3.2 12.1 
Minus 35 plus 48 ............ 16.9 11.9 11.9 7.6 12.6 18.8 6.3 16.4 
Minus 48 plus 65 •••••••••••• 21.9 20.3 15.0 6.5 13.9 27.5 7.6 10.8 
Minus 65 plus 100 ....••••.•• 14.0 11.6 13.1 4.1 8.9 16.0 5.9 5.5 
Minus 100 plus 150 •.•.••..•. 10.9 13.4 13.4 4.0 9.7 7.9 5.9 4.3 
Minus 150 plus 400 .......... 3.6 2.3 2.4 2.6 2.5 4.6 1.3 1.4 
Minus 400 ................... 15.2 4.7 5.5 37.6 12.4 18.0 61.8 16.9 

Total .................. 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

TABLE 3. - Particle size and chemie-a-l- a-n-a-Iys-:i:-s- -e- samp±-e -2., pe-'l'ce-a-t 

Size fraction, mesh MgO 
ANALYSIS 

Plus 14 ..................... 19.2 12.9 38.9 7.3 27.1 18.3 1.6 2.9 
Minus 14 plus 20 ............ 4.3 15.0 34.3 4.1 11.1 28.9 1.4 2.7 
Minus 20 plus 28 ............ 4.1 10.5 23.3 3.1 8.4 50.9 1.2 2.2 
Minus 28 plus 3S .......•...• 8.5 5.1 9.8 .9 3.0 78.2 1.1 1.1 
Minus 35 plus 48 ...........• 17 .5 2.1 3.6 .6 1.4 91.9 1.0 .7 
Minus 48 plus 65 ..........•• 15.2 1.6 2.7 .4 1.2 95.1 .9 .5 
Minus 65 plus 100 •••..•••.•• 8.3 1.7 2.8 .5 1.4 93.7 .9 .9 
Minus 100 plus 150 .......... 5.0 1.1 2.5 .7 1.9 94.4 1.1 .8 
Minus 150 plus 200 .......... 2.3 1.1 3.5 1.1 3.0 91.6 1.0 1.5 
Minus 200 plus 400 .......... 2.0 2.2 14.8 5.7 13.2 61.3 1.8 1.9 
Minus 400 ..•................ 13.6 3.4 24.3 9.1 32.1 30.9 7.7 4.6 

Composi te •••••••••••••• 100.0 5.3 15.8 3.4 11.6 64.1 2.1 1.9 
DISTRIBUTION 

Plus 14 ..................... 19.2 46.5 47.2 41.3 44.7 5.5 14.9 29.4 
Minus 14 plus 20 ....•....... 4.3 12.1 9.3 5.2 4.1 1.9 2.9 6.2 
Minus 20 plus 28 ............ 4.1 8.1 6.0 3.7 3.0 3.3 2.4 4.8 
Minus 28 plus 35 ....•....... 8.5 8.1 5.3 2.3 2.2 10.4 4.5 5.2 
Minus 35 plus 48 ............ 17 .5 6.9 4.0 3.1 2.1 25.0 8.5 6.8 
Minus 48 plus 65 •••••••••••• 15.2 4.6 2.6 1.8 1.6 22.6 6.6 4.4 
Minus 65 plus 100 •••.••••.•• 8.3 2.7 1.5 1.2 1.0 12.1 3.6 3.8 
Minus 100 plus 150 .......... 5.0 1.0 .8 1.0 .8 7.4 2.7 2.2 
Minus 150 plus 200 .......... 2.3 .5 .5 .7 .6 3.3 1.1 1.8 
Minus 200 plus 400 .......... 2.0 .8 1.9 3.3 2.3 1. 9 1.7 2 . 0 
Minus 400 ................... 13.6 8.7 20.9 36.4 37.6 6.6 51.1 33.4 

Total .................. 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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TABLE 4. -- Particle size a.nd chemical analysis of sample 3, percent 

Size fraction, mesh I Wt pct I P2Qs I CaO MgO 
ANALYSIS 

Plus 14 ........•••..•...••.. 25.4 14.4 37.9 6.4 15.5 17.5 1.8 1.8 
Minus 14 plus 20 •.•......... 1.4 17.2 37.6 4.2 13.9 19.8 1.6 2.0 
Minus 20 plus 28 •••... ') •. c •• 1.7 14.9 33.0 4.3 1l.5 25.9 1.7 1.8 
Minus 28 plus 35 •••••••••••• 4.5 10.1 19.0 1.3 4.7 56.2 1.2 1.4 
Minus 35 plus 48 ••.•••.••••• 12.5 7.2 12.9 .9 3.2 68.2 1.1 .9 
Minus 48 plus 65 •........... 12.8 8.8 15.8 .9 3.6 62.7 1.1 1.0 
Minus 65 plus 100 •..•••••••• 6.1 11.2 20.7 1.8 5.4 52.0 1.4 1.2 
Minus 100 plus 1500 ...... ", .. 2.2 4.8 14.7 4.4 8.6 54.7 2.0 1.5 
Minus 150 plus 200 .......... 2.2 1.6 28.1 14.9 18.7 18.3 2.5 2.3 
Minus 200 plus 400 .......... 9.1 1.3 38.2 16.9 22.3 7.4 2.3 2.4 
Minus 400 •......... . ...... . . 22 . 1 2 . 3 18.2 11.1 22.1 24.9 7.9 2.3 

Gomposite ............ l •• 100.0 8 < 1 24.9 6.6 13.2 35.2 3.0 1.7 
DISTRIBUTION 

Plus 14 ......•..•........... 25.4 45.3 
Minus 14 plus 20 .....•...... 1.4 3.0 
Minus 20 plus 28 •••••••••••• 1.7 3.1 
Minus 28 plus 35. !: •••••••••• 4.5 5.6 
Minus 35 plus 48 •........... 12.5 1l.1 
Minus 48 plus 65 •••••••••••• 12.8 13.9 
Minus 65 plus 100 .•..•.••••• 6.1 8.5 
Minus 100 plus 1 SO •••••••••• 2.2 1.3 
Minus 150 plus 200 .......... 2.2 .4 
Minus 200 plus 400 .......... 9.1 1.5 
Minus 400 ................... 22.1 6 . 3 

Total .................. 100.0 100.0 

Chemical analysis of the large rocks 
contained in the samples showed that they 
contained 9.4 to 19.1 pct MgO and only 
1.7 to 6.1 pct P20 5 • Based on these 
findings, the plus 1/2-in material was 
removed from samples 1 and 3 and the plus 
I-in material was removed from sample 2, 
in batch and continuous processing stud­
ies. Table 5 gives the analysis of the 
oversize material. 

Mineralogical examination of the sam­
ples showed that they consisted mos~ly of 
collophane, dolomite, and quartz. The 
subsieve material in the samples con­
tained dolomite and the clay minerals 

38.6 24.8 29.7 12.6 15.3 26.9 
2.1 .9 1.5 .8 .8 1.6 
2.3 1.1 1.5 1.3 1.0 1.8 
3.4 .9 1.6 7.2 1.8 3.7 
6.5 1.7 3.0 24.3 4.6 6.6 
8.1 1.8 3.5 22.8 4.7 7.5 
5.1 1.7 2.5 9.0 2.9 4.3 
1.3 1.5 1.4 3.4 1.5 1.9 
2.5 5.0 3.1 1.1 1.9 3.0 

14.0 23.4 15.3 1.9 7.0 12.8 
16 . 1 37 . 2 36 . 9 15 . 6 58.5 29.9 

100.0 100.0 100.0 100.0 100.0 100.0 

attapulgite, kaolinite, and montmoril­
lonite. The minerals were considered 
liberated at 14 to 28 mesh. 

TABLE 5. - Chemical analysis of oversize 
waste, percent 

Sample 1 Sample 2 Sample 
P 20 5' •••••• 1.7 6.1 1.9 
CaO •••••••• 28.4 31.3 31.9 
MgO •••••••• 19.1 9.4 14.0 
CO 2 •••••••• 40.2 20.3 28.8 
Insol •••••• 7.4 25.7 5.4 

Al 203•••••· .3 1.9 2.0 
Fe203······ 2.9 1.2 1.8 

3 
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LABORATORY BATCH STUDIES 

Batch flotation tests employing the 
Bureau technique previously reported were 
conducted on samples of the matrix (~). 
A flotation feed was prepared in the fol­
lowing manner: A weighed sample was 
screened at 14 mesh (samples 1 and 3) or 
28 mesh (sample 2), and the oversize 
material was ground in a ball mill con­
taining ceramic balls as the grinding 
medium. The ground material was recom­
bined with the undersize material, and 
the slurry was deslimed at 150 mesh, pro­
ducing the primary slimes. The deslimed 
pulp was scrubbed for 10 min using 1.0 lb 
of sodium hydroxide per ton of flotation 
feed. 5 The scrubbed material was de­
slimed at 150 mesh, producing the serub­
ber slimes. 

SAMPLE 1 RESULTS 

The prepared flotation feed was condi­
tioned at 40 pct solids with 1.6 lb/ton 
fatty acid-fuel oil (2:3 ratio) for 2 min 
at pH 9.2. A rougher phosphate concen­
trate was floated for approximately 2 
min. The rougher concentrate was re­
pulped and cleaned three times with 1.0 
Ib/ton sodium silicate added to each 
cleaner stage. Table 6 shows the operat­
ing conditions of a batch test for sample 
1. The final concentrate contained, in 
percent, 30.7 P205, 0.5 MgO, and 4.4 
Si02. P205 recovery from the flotation 
feed was 87.1 pct. Detailed results are 
presented in table 7. 

5All reagent dosages are expressed in 
pound per ton of flotation feed. 

SAMPLE 2 RESULTS 

Prepared flotation feed from sample 2 
'vas conditioned at 40 pct solids with 
1.6 lb/ton fatty acid-fuel oil (2:3 
ratio) for 2 min at pH 9.2. A rougher 
phosphate concentrate was floated for 
approximately 2 min. The rougher con­
centrate was cleaned three times using 
1.0 lb/ton sodium silicate in each clean­
er stage. Table 8 gives the operating 
conditions for a batch flotation test. 
The final concentrate contained, in per­
cent, 27.5 P205, 2.0 MgO, and 4.2 Si0 2 • 
The attendant P20 5 recovery from the flo­
tation feed was 85.3 pct. Table 9 pre­
sents detailed results of a batch flo-­
tation test. 

SAMPLE 3 RESULTS 

Flotation feed prepared from sam­
ple 3 was conditioned at 40 pct solids 
for 2 min at pH 9.0 with 1.6 lb/ton 
fatty acid-fuel oil (2:3 ratio). A 
-rau.-g.fier-pha&pna-t:-e--ea-ae-entrate was float­
ed for approximately 2 min. The rough­
er concentrate was cleaned three times 
with 1.0 lb/ton sodium silicate add­
ed to each cleaner. Table 10 gives 
the operating conditions for batch 
flotation testing. The final concen­
trate contained, in percent, 29.3 P205, 
1.1 MgO, and 6.9 Si02' The P205 re­
covery from the flotation feed was 89.1 
pct. Complete results are shown in 
table 11. 

TABLE 6. - Batch flotation conditions for sample 1 

Operation Condition Reagent, Ib/ton of flotation feed 
Time, min pH 

Scrub ....•............ 10 9.5 1.0 sodium hydroxide. 
Condition ••••••••••••• 2 9.2 1.6 fatty acid-fuel oil. 
Rougher flotation ••••• 2 9.2 None. 
Cleaner flotation 1 ••• 1 9.2 1.0 sodium silicate. 
Cleaner flotation 2 ••• 1 9.2 1.0 sodium silicate. 
Cleaner flotation 3 ... 1 9.2 1.0 sodium silicate. 
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TABLE 7. Batch flotation results for sample 1, percent 

Product Wt pct I P2 0 5 I CaO MgO 
ANALYSIS 

concentrate ••••••••••••••.••• 25.2 30.7 48.2 O.S 9.7 4.4 1.1 2.3 
Cleaner t ailings ••••• • • •••••• 10 . 6 8 . 4 13 . 7 .6 4 . 7 64 . 4 1. 3 1.2 
Rougher tailings ••.•..•.••..• 41.8 .6 .7 . 1 1.7 92 .1 1.0 .6 
Minus ISO-mesh scrubber 

slimes ....... . . .... .. . ...... 2 . 7 8 . 4 15 . 8 1. 8 11.6 39 . 7 8 . 0 3 . 3 
Minus 1504llesh primary slimes 19.7 5.1 10.4 1.8 8.3 50.5 7.7 2.9 

Compos i te ••••••••••••••• 100.0 10.1 16.3 .6 5.6 57.5 2.6 1.6 
DISTRIBUTION 

Concentrate •••••••••••••••••• 25.2 76.6 74.3 18.9 43.6 1.9 10.8 35.8 
Cleaner tai lings ......•...... 10.6 8.8 8.8 10.1 8.9 ll.8 5.4 7.8 
Rougher tailings .•.....••••.. 41.8 2.5 1.8 6.7 12.7 67.1 16.3 15.6 
Minus ISO-mesh scrubber 

slimes ...................... 2.7 2.2 2.6 7.8 5.6 1.9 8.4 5.5 
Minus ISO-mesh primary slimes 19.7 9.9 12.5 56.5 29.2 17.3 59.1 3S.3 

To tal •.................. 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
NOTE.--Recovery of P20 5 from flotation feed was 87.1 pct. 

TABLE 8. - Batch flotation conditions for sample 2 

Operation Condition Reagent, lb/ton of flotation feed 
Time, min pH 

Scrub .................. 10 9.5 1.0 sodium hydroxide. 
Condition •••••••••••••• 2 9.2 1.6 fatty acid-fuel oil. 
Rougher flotation •••••• 2 9.2 None. 
Cleaner flotation 1 •••• 1 9.2 1.0 sodium silicate. 
Cleaner flotation 2 •••• 1 9.2 1.0 sodium silicate. 
Cleaner flotation 3 •••• 1 . 9.2 1.0 sodium silicate. 

TABLE 9. - Batch flotation results for sample 2, percent 

Product Wt pct I P20 5 I CaD I MgO 
ANALYSIS 

concentrate •..••.••••••.•..•• 13.0 27.5 49. 1 2.0 9.8 4.2 1.1 2.0 
Cleaner tailings ••••••••••••• 43.5 .6 2.0 .9 1.7 91.7 1.0 .4 
Rougher tailings ••••••••••.•• 16.9 2.1 5.2 .6 2.2 88.5 .9 .6 
Minus 150-mesh scrubber 

slimes ...................... 2.2 9.9 24.1 3.1 7.6 42.2 1.5 1.8 
Minus ISO- mesh primary slimes 24.4 4.2 17.2 7 . 8 26 . 2 29 . 2 5.6 .9 

Composite ••••••••••••••• 100.0 5.4 12.9 2.7 8.9 63.4 2.1 .8 
DISTRIBUTION 

concentrate ••••••••.••••••••• 13.0 65.8 49.7 9.5 14.2 0.9 6.7 32.7 
Cleaner tailings ••••••••••••• 43.5 4.8 6.8 14.4 8.3 62.8 20.4 21.9 
Rougher tailings ............. 16.9 6.5 6.8 3.7 4.2 23.6 7.1 12.8 
Minus ISO-mesh scrubber 

slimes ...................... 2.2 4.0 4.1 2.5 1.9 1.5 loS 5.0 
Minus ISO-mesh primary slimes 24.4 18.9 32.6 69.9 71.4 11.2 64.3 27.6 

Total ................... 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
NOTE.--Recovery of P20 5 from flotation feed was 85.3 pet. 



.. 

8 

TABLE 10 • ... Batch flotation conditions fOl' sample 3 

Operation Condition Reagent, lb/ton of flotation feed 
Time, min pH 

Scrub .....••....... ~ ... 10 9.0 1.0 sodium hydroxide. 
Condition .•......••..•• 2 9.0 1.6 fatty acid-fuel oil. 
Rougher flotation •••••• 2 9.0 None. 
Cleaner flotation 1 •••• 1 9.0 1.0 sodium silicate. 
Cleaner flotation 2 •••• 1 9.0 1.0 sodium silicate. 
Cleaner flotation 3 •••• 1 9.0 1.0 sodium silicate. 

TABLE 11. . Batch flotation results for sample 3, percent 

Product MgO 
ANALYSIS 

concentrate .••.••••..•••••••. 17.4 29.3 47 . 2 1.1 8.5 6.9 1.1 1.6 
Cleaner tailings .........•..• 15.8 2.4 5.7 1.3 4.2 80.0 1.2 .4 
Rougher tailings •..•••••••••• 19.8 1.2 2.9 .5 3.4 86.1 1.2 .3 
Minus l50-mesh scrubber 

slimes ...................... 5.8 4.9 31.0 13.0 30.7 11.7 3.5 2.6 
Minus 150~esh primary slimes 41.2 2.6 25.1 12.9 24.3 17 .4 4.9 3.2 

Compos i te ••••••••••••••• 100.0 7.1 21.8 6.6 14.6 38.7 2.8 1.9 
DISTRIBUTION 

concentrate •.....•••.•....••. 17.4 72.0 37.6 2.9 10.1 3.1 6.7 14.9 
Cleaner tailings ••••••••••••• 15.8 5.4 4<1 3.1 4.5 32.6 6.7 3.4 
Rougher tailings ........ tI •••• 19.8 3.4 2.6 1.5 4.6 44.0 8.4 3.2 
Minus 150-mesh scrubber 

slimes ...................... 5.8 4.0 - B. L - n .5 - 12.2 1.8 . -7.1 8.1 
Minus ISO-mesh primary s l imes 41.2 15.2 47.5 81.0 68.6 18.5 71.1 70.4 

To tal ...........•....... 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
NOTE.--Recovery of P20 S from scrubbed flotation feed was 89.1 pct. 

CONTINUOUS PROCESSING STUDIES 

FLOTATION FEED PREPARATION 

Upon completion of characterization and 
batch beneficiation studies, a continuous 
processing plant was designed and assem­
bled. A 375-gal tank was used to slurry 
the matrix. The tank was equipped with 
two triple-bladed 12-in-diam impellers 
mounted on a single shaft for mixing. A 
1/2-in grizzly was placed on top of the 
tank for removal of oversize (I-in griz­
zly for sample 2). The matrix was dumped 
on the grizzly and washed with a high­
pressure firehose, and the oversize was 
removed. The slurry was mixed i n the 
tank and pumped to a vibrating screen 
fitted with a 14~esh screen (28 mesh for 
sample 2). The screen oversize was fed 

to a ball mill with a peripheral dis­
charge and containing ceramic balls as 
the grinding medium. The mill was oper­
ated in closed circuit with the vibrating 
screen so that all the material passed 
the screen size. The slurry was pumped 
from the screen discharge to a spiral 
classifier for removal of the minus 150-
mesh primary slimes. The deslimed pulp 
was fed to a scrubber to break up soft 
dolomite and clay aggregates and to clean 
the mineral surfaces. The scrubber was a 
square cross-sectional type with two 
four-bladed impellers with a blade tip 
speed of approximately 7.8 ft/s. Pulp 
density in the scrubber was 50 pct sol­
ids. Retention time required in the 
scrubber was approximately 5 min, about 



half that required in batch tests. So­
dium hydroxide was added to the scrubber 
for dispersion in the amounts of 0.8 
lb/ton for sample 1, 1.8 lb/ton for sam­
ple 2, and 0.9 lb/ton for sample 3. The 
scrubber discharge was pumped to a spiral 
classifier, and the minus 1S04mesh scrub­
ber slimes were removed. Figure 1 shows 
the flow diagram for the flotation feed 
preparation. 

Tables 12-14 summarize the results of 
the flotation feed preparation. By re­
moving the oversize, desliming at 150 
mesh, scrubbing, and redesliming, 91.2 
pct of the MgO was rejected from sample 
1, 83.1 pct from sample 2, and 95.4 pct 
from sample 3. The resultant loss of 
P20S was 19.6 pct for sample 1, 28.5 pct 
for sample 2, and 37.4 pct for sample 3. 
Sample 3 contained an unusually large 
amount (27.5 pct) of P20 S in the primary 
slimes. 

CONTINUOUS FLOTATION CIRCUIT 

The discharge from the spiral classi­
fier used for removing the scrubber 
slimes was fed direct.1y to a conditioner 
for addition of reagents. The flotation 
feed was conditioned with sodium car­
bonate for pH control, fatty acid-fuel 
oil as a phosphate collector, and frother 
for a manageable froth. Pulp residence 
time was approximately 2 min. The fatty 

Matrix 

~ 
Grizzly-------. Oversize waste 

~ 
Slurry mixing tank 

r I 
Vibrating screen------. Ball mill 

~ 
Spiral classifier----... Minus 150-mesh ! primary slimes 

NaOH-Attrition scrubber 

! 
Spiral classifier----.... Minus 15O-mesh 

~ scrubber slimes 

Flotation feed 

FIGURE 1. - Flow diagram of continuous flo­

tation feed preparation. 
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acid and fuel oil were mixed in a 2:3 
ratio. Dowfroth 2506 was the frother 
used. All three reagents were added 
simultaneously. Pulp density in the con­
ditioner was 35 to 40 pct solids. A pH 
of 9.2 was maintained in the flotation 
circuit. 

Flotation was accomplished in a bank of 
six flotation cells with an effective 
cell volume of 7 L each. Two cells were 
used for rougher flotation and two cells 
for the first cleaner stage. One cell 
each was used for the remaining cleaner 
stages. After several continuous tests 
it was discovered that only two cleaner 
stages were needed for samples 1 and 3, 
as opposed to three cleaners in batch 
tests. Sample 2 required three cleaners. 
Sodium silicate was added to each cleaner 
stage for gangue depression. For samples 
1 and 3 the tailings from the rec1eaner 
were recirculated to the cleaner stage. 
For sample 2, which required three clean­
ers, the re-recleaner tailings were re­
circulated to the recleaner stage and the 
rec~eaner tailings to the cleaner stage. 
Figure 2 is a flow diagram of the flota­
tion circuit. Figure 3 shows the flota­
tion cells in operation. 

6 Re ference to specific 
not imply endorsement by 
Mines. 

Flotat ion feed 

ron, "i::~'~:: L-c,"dL" 
Frother I - 1 

products does 
the Bureau of 

Rougher flotation-Rougher tailings 
Na2 Si03j 

" -----.. Cleaner flotation-Cleaner tailings 

Recleaner tailings Na2 Si03--l 
''------Recleaner flotation • I 

Na2 Si03--i Re-recleaner tailings 

Re -recleaner flotation I 

1 
Concentrate 

FIGURE 2. - Flow diagram of continuous flo­

tation circuit. 
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TABLE 12. - Flotation feed preparation results for sample 1, percent 

Product MgO 
ANALYSIS 

Plus 1/2-in waste •••••••••••• 5.6 1.7 28.4 19.10 40.2 7.4 0.3 2.9 
Flotation feed ••••••••••.•••• 71.1 10.9 16.7 .22 3.1 65.7 1.1 1.1 
Minus ISO-mesh scrubber 
slimes. 0 ........................................ 7.6 12.7 20.2 1.19 6.7 52.7 2.1 1.3 

Minus ISO-mesh primary slimes 15.7 5.3 10.4 2.90 9.0 55.6 9.8 3.4 
Composi te .............................. 100.0 9.6 16.6 1.77 6.4 59.9 2.5 1.6 

DISTRIBUTION 
Plus 1/2-1n waste • • • • •••••••• 5.6 1.0 9.6 60.4 35.2 0.7 0.7 10.3 
Flotation feed .............................. 71.1 80.4 71.4 8.8 34.6 78.0 31.3 49.6 
Minus ISO-mesh s crubber 

slimes ............................................ 7.6 10.0 9.2 5.1 8.0 6.7 6.4 6.3 
Minus ISO-mesh primary slimes 15.7 8.6 9.8 25.7 22.2 14.6 61.6 33.8 

To tal ..................................... 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

TABLE 13. - Flotation feed preparation results for sample 2, percent 

Product MgO 
ANALYSIS 

Plus l-in was te ............................ 6.0 6.1 31.3 9.4 20.3 25.7 1.9 1.2 
Flotation feed .............................. 64.5 6.2 11.8 1.3 3.3 74.0 1.0 1.8 
Minus ISO-mesh scrubber 
slimes ........................................... 3.5 8.4 33.8 9.2 24.2 21.2 2.3 1.7 

Minus ISO-mesh primary slimes 26.0 3.6 37.7 12.4 26.2 11. 3 2.3 .9 
Compos i te •••••••••.••••• 100.0 5.-6 --ze-.-5- r- 5.0 -H. G- 53.0 1.4 1.5 

DISTRIBUTION 
Plus 1--in waste •••••••••••••• 6.0 6.5 9.2 11.4 11.1 2.9 7.9 4.7 
Flotation feed ••••••••••••••• 64.5 71.5 37.2 16.9 19.3 90.2 44.9 76.1 
Minus ISO-mesh scribber 
slimes ............................................ 3.5 5.3 5.8 6.5 7.7 1.4 5.6 3.9 

Minus 150-mesh primary slimes 26.0 16.7 47.8 65.2 61.9 5.5 41.6 15.3 
To tal ..................................... 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

TABLE 14. - Flotation feed preparation results for sample 3, percent 

Product MgO 
ANALYSIS 

Plus 1/2-in waste •••••••••••• 24.1 1.9 31.9 14.0 28.8 5.8 2.0 1.8 
Flotation feed .............................. 29.2 12.2 21.5 1.3 4.9 56.2 1.3 .8 
Minus ISO-mesh scrubber 

slimes ............................................ 2.0 5.3 38.8 13.7 31.0 9.5 2.6 2.7 
Minus ISO-mesh primary slimes 44.7 3.5 32.6 9.5 27.5 38.6 3.8 2.1 

Composite ••••••••••••••• 100.0 5.7 29.3 8.3 21.3 35.3 2.6 1.7 
DISTRIBUTION 

Plus 1/2-in waste •••••••••••• 24.1 8.0 26.2 40.8 32.6 4.0 18.5 26.1 
Flotation feed .............................. 29.2 62.6 21.4 4.6 6.7 46.6 14.5 14.1 
Minus ISO-mesh scrubber 

slimes ........................................... 2.0 1.9 2.6 3.3 2.9 .5 2.0 3.3 
Minus ISO-mesh primary slimes 44.7 27.5 49.8 51.3 57.8 48.9 65.0 56.5 

To tal ..................................... 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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FIGURE 3. - Continuous flotation cells in operation. 

SANPLE 1 RESULTS 

Continuous flotation tests using sample 
1 were conducted with a flotation feed 
rate of approximately 150 lb/h. After 
the flotation circuit reached steady 
state, the products were sampled and col · · 
lected for up to 4 h. In a typical test, 
flotation feed was conditioned with 
0.9 lb/ton sodium carbonate, 2.8 lb/ton 
fatty acid-fuel oil, and 0.04 lb/ton 
frother. A rougher phosphate concen­
trate was floated and cleaned two times 
with 0.8 lb/ton sodium silicate added to 
each cleaner. Table 15 presents detailed 
operating conditions. Rougher flota­
tion time was approximately 5 min at 
30 pct solids. Table 16 gives the re­
sults of the continuous test. The final 

concentrate contained, in percent, 31.3 
P205, 47.7 CaO, 0.6 MgO, 7.5 C02, 3.5 in­
solubles, 1.1 Al 20 3 , and 2.1 Fe203. The 
attendant P20 5 recovery was 89.7 pct. 
These results were comparable to batch 
flotation results. 

SAMPLE 2 RESULTS 

Continuous flotation tests using sample 
2 required a longer flotation time than 
for sa~ple8 1 and 3. As a result, the 
flotation feed rate was decreased to 85 
lb/h, for a rougher flotation time of 
approximately 8 min at 30 pct solids. 
The flotation reagents were added to the 
conditioner in the amounts of 1.5 lb/ton 
sodium carbonate, 3.0 lb/ton fatty acid­
fuel oil, and 0.08 lb/ton frother. A 
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phosphate rougher concentrate was floated 
and cleaned three times. Sodium silicate 
was added to each cleaner stage in the 
amount of 1.5 lb/ton. Table 17 gives de­
tailed operating conditions. The final 
concentrate contained, in percent, 30.7 
P20 5, 49.6 CaO, 1.3 MgO, 8.6 C02, 2.5 in­
solubles, 1.0 Al 203 , and 2.1 Fe203' The 

attendant P205 recovery was 55.1 pet. 
Recovery was improved in other tests but 
only with lower P20 5 and higher MgO 
content in the concentrate. Table 18 
presents results for sample 2. A better 
grade concentrate was produced in con­
tinuous processing than in batch tests. 

TABLE 15. - Operating conditions for cont~nuous flotation of sample 1 

Operation Condition Reagent, lblton of flotation feed 
Time, min pH 

Sc rub .....•.•........•• 5 9.5 0.8 sodium hydroxide. 
Condition •....•........ 2 9.2 0.9 sodium carbonate, 2.8 fatty 

acid-fuel oil, 0.04 frother. 
Rougher flotation •••••• NAp 9.2 None. 
Cleaner flotation 1 •••• NAp 9.2 0.8 sodium silicate. 
Cleaner flotation 2 •••• NAp 9.2 0.8 sodium silicate. 
NAp Not applicable. 

NOTE.--Flotation feed rate: 150 lb/h. 

TABLE 16. - Continuous flotation test results for sample 1, percent 

Product Wt pct P205 I CaO MgO C02 
ANALYSIS 

Concentrate ••••••••••••••••• 3J .• ) .- 31.3 47.7 0.6 __ . -]~ _J.5 1.1 2.1 
Cleaner tailings •.•.....•... 13.8 6.6 10.6 .2 3.0 77 .3 1.2 1.0 
Rougher tailings •••••••••••• 55.0 .4 .6 .1 .7 98.1 1.1 .5 

Composite •••••••••••••• 100.0 10.9 16.7 .3 3.1 65.7 1.1 1.1 
DISTRIBUTION 

Concentrate ••••••••••••••••• 31.2 89.7 89.3 77 .6 74.6 1.7 30.9 61.4 
Cleaner tailings ••••.••••••• 13.8 8.3 8.7 14.9 13 .1 16.2 14.8 12.9 
Rougher tailings •••••••••••• 55.0 2.0 2.0 7.5 12.3 82.1 54.3 25.7 

Total .................. 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

TABLE 17. - Operating conditions for continuous flotation of sample 2 

Operation Condition Reagent, lb/ton of flotation feed 
Time, min pH 

Sc rub .••..•..••..••••.. 5 9.5 1.8 sodium hydroxide. 
Condition •••••••••••••• 2 9.2 1.5 sodium carbonate, 3.0 fatty 

acid-fuel oil, 0.08 frother. 
Rougher flotation •••••• NAp 9.2 None. 
Cleaner flotation 1 •••• NAp 9.2 1.5 sodium silicate. 
Cleaner flotation 2 •••• NAp 9.2 1.5 sodium silicate. 
Cleaner flotation 3 •••• NAp 9.2 1.5 sodium silicate. 
NAp Not applicable. 

NOTE.--Flotation feed rate: 85 lb/h. 



SAMPLE 3 RESULTS 

Continuous flotation tests were con­
ducted on sample 3 with a flotation feed 
rate of approximately 144 lb/h. The flo­
t a tion feed was condit ioned wi t h 2 . 6 l b/ 
ton fatty acid-fuel oil, 0.9 lb/ton so­
dium carbonate, and 0.03 lb/ton frother. 
A rougher concentrate was fJ.oated and 
cleaned two times. Rougher flotation 
time was approximately 5 min at 30 pct 

13 

solids. Sodium silicate in the amount of 
0.9 lb/ton was added to each cleaner 
stage. Table 19 shows the operating con­
ditions for a sample 3 test. A concen­
trate was produced that contained, 
i n percent, 30.7 P20 5 , 49.0 CaO, 0.8 MgO, 
8.1 CO 2 , 4.8 inso1ub1es, 1.0 A1203, and 
1.8 Fe203. The P205 recovery was 80.8 
pet. Results are presented in table 20. 
The results were comparable to those ob­
tained in batch studies. 

TABLE 18. - Continuous flotation test results for sample 2, percent 

Product MgO 
ANALYSIS 

Concentrate ................. 11.2 30.7 49.6 1.3 8.6 2.5 1.0 2.1 
Cleaner tailings •••••••••••• 29.0 8.6 20.1 3.1 7.2 55.0 1.3 1.2 
Rougher tailings ••••••••••• • 59.8 .5 .7 .5 .7 96.5 .9 2.0 

Compos i te •••••••••.•••• 100.0 6.2 11.8 1.3 3.5 74.0 1.0 1.8 
DISTRIBUTION 

concentrate •.••..•.•••••.•.. 11.2 55.1 47.0 10.8 27.7 0.4 10.9 13.2 
Cleaner tailings ............ 29.0 40.1 49.4 66.9 60.2 21.6 36.7 19.6 
Rougher tailings •••••••••••• 59.8 4.8 3.6 22.3 12.1 78.0 52.4 67.2 

To tal .................. 100.0 100.0 100 . 0 100.0 100.0 100.0 100.0 100.0 --

TABLE 19. - Operating conditions for continuous flotation of sample 3 

Operation Condition Reagent, 1b/ton of flotation feed 
Time, min pH 

Sc rub ...............•.. 5 9.5 0.9 sodium hydroxide. 
Condition •........•.... 2 9.2 2.6 fatty acid-fuel oil, 0.9 sodium 

carbonate, 0.03 frother. 
Rougher flotation •••••• NAp 9.2 None. 
Cleaner flotation 1 •.•• NAp 9.2 0.9 sodium silicate. 
Cleaner flotation 2 •••• NAp 9.2 0.9 sodium silicate. 
NAp Not applicable. 

NOTE.--F10tation feed rate: 144 1b/h. 

TABLE 20. - Continuous flotation test results for sample 3, percent 

Product 
ANALYSIS 

concentrate ••.••••.•••••.... 31.8 30.7 49.0 0.8 8.1 4.8 1.0 1.8 
Cleaner tailings •••••••.•••• 13.8 9.3 19 . 2 1.4 4.5 63.8 1.1 1.2 
Rougher tailings ••.••••••••• 54.4 1.9 3.8 . 4 1.7 91.4 1.0 .8 

Compos i te •••••••••••••• 100.0 12.1 20.3 .7 4.1 60.1 1.0 1.2 
DISTRIBUTION 

concentrate .•..••..•..•..••. 31.8 80.8 76.7 38.9 62.4 2.5 31.3 48.8 
Cleaner tailings ••••.••••••• 13.8 10.6 13.1 29.9 15.1 14.7 15.0 14.1 
Rougher tailings ••••••••• • • • 54.4 8.6 10.2 31.2 22.5 82.8 53.7 37.1 

To tal .................. 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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CONCLUSIONS 

A method to treat high-MgO south 
Florida phosphate ores was devised by the 
Bureau of Mines. The method employed 
sizing, grinding, desliming, scrubbing, 
redesliming, and flotation to produce a 
phosphate concentrate. A continuous pro­
cessing plant was designed and assembled 
to test the method on a continuous basis. 
Three different samples were obtained and 
processed. The samples contained, in 

percent, 5.4 to 10.2 P2 0 5 , 1.9 to 7.6 
MgO, and 35.3 to 60.1 insolubles. Con­
centrates were produced from these sam­
ples that contained, in percent, 30.7 to 
31.3 P2 0 5 , 0.6 to 1.3 MgO, and 2.5 to 4.8 
insolubles. The P20 5 recovery from the 
flotation feed ranged from 55.1 to 89.7 
pct. It is concluded that the Bureau 
method is a feasible means for processing 
high-MgO ores. 
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